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Simple and traditional methods have been applied to resolve traffic conflicts at railway 
junctions for years.  They are either inefficient or computation demanding.  A simple 
Genetic Algorithm is introduced here to search for a near optimal resolution while 
meeting the constraints on generation evolution and keeping the searching time low.  
Junction traffic control: Quality of service in railway system refers to punctuality and 
regularity while maintaining safety.  Delays are by no means desirable from operators 
and passengers viewpoints but they are almost inevitable in practice.  A converging 
junction consists of a section of track whose right of way is not exclusive to traffic in 
one direction.  When a train does not arrive at a junction according to the scheduled 
time, it may be in dispute for right of way with trains from other direction, which leads 
to delays.  Actions have to be taken to assign the order of passage through the junction 
for the trains in the vicinity in order to limit delays.  Junction traffic control is therefore 
a typical single-machine deterministic scheduling problem in which a right-of-way 
assignment sequence is sought to minimise delays. 
A railway junction usually consists of only 2 converging routes, routes 0 and 1.  In 
general, the right-of-way assignment sequence to resolve the conflict is expressed as: 
}{ iuS  : }1,0{iu  for 101 nni   
where 0n  and 1n are the numbers of trains on routes 0 and 1 respectively. 
If )(aN  is defined as the number of occurrence of a, all possible S's must satisfy: 
0)0:( nuuN ii   and 1)1:( nuuN ii          (1) 
Simple methods, such as first-come-first-serve (FCFS), have been applied to resolve 
traffic conflict in railway systems but they only ensure smooth and orderly passage 
without sufficient consideration of delay.  Ho et al [1] introduced higher level control by 
adopting dynamic programming technique, breaking this multi-stage decision process 
into a series of single-stage problems so that the iu 's in S are attained one by one.  It has 
been shown that the optimal sequence Sˆ  can be found and hence delay reduction over 
the usual practice of FCFS is evident.  This approach only examines a small subset of 
the possible assignment sequences; however, it still requires a substantial amount of 
computation, which may be critical in real-time decision-making process. 
This paper presents a study on applying Genetic Algorithm (GA), which is based on 
natural evolution and population genetics [2] and thus offers an alternative approach, to 
this scheduling problem.  The emphasis is put on the trade-off between the computation 
time required and the closeness to Sˆ . 
Genetic Algorithm: When applied on scheduling problems, GA includes all possible 
sequences as the members of population [3].  A generation of chromosomes (sequences) 
consists of the surviving and the reproduced members of the previous generation.  
Despite the convenient binary coding in S, the usual operations of crossover and 
mutation cannot be applied because of the possible violation of the constraint (1).  
Instead, an immediate neighbour of the fittest chromosome of one generation is chosen 
to be part of the next generation.  The generation evolution follows the steps below: 
Step 1 : Set k=1 
   Randomly select n possible right-of-way assignment sequences  
Step 2 :  Evaluate the cost of each function 
   Identify the sequences with the highest and least cost, kS '  and kSˆ respectively 
   Randomly select an immediate neighbour from kSˆ  to replace kS '  
Step 3: Increment k by 1 
   If k = maximum number of generations, stop, else, go to Step 2 
Two sequences, aS  and bS , are immediate neighbours if and only if,  
for }{ ia uS   and }{ ib vS  , there exists j, 11 10  nnj  such that 
1 jj uu ; 1 jj vu ; jj vu 1  and  
kk vu  , for all k, 11 10  nnk , jk   and 1 jk  
It should be noted that this definition of neighbourhood ensures ba SS   and a new 
generation contains no worse, if not better, chromosomes than those in the previous 
generations. 
A number of tests have been carried out to investigate various conflict conditions.  Two 
typical tests are given here to illustrate the performance of this GA.  In Test 1, 3 trains 
are on both routes 0 and 1 initially and there are 20 possible right-of-way assignment 
sequences.  When there are 4 trains initially on both routes in Test 2, the number of 
right-of-way sequences escalates to 70.  The population size of each generation is kept 
as two.  The cost function is the total weighted tardiness of the trains and is evaluated by 
an event-based train movement simulator [4].   
Without terminating at the optimal solution even if it is reached, the generation 
evolution process can only stop after a certain number of generations and the sequence 
with the lower cost in the last generation is taken as the solution.  Different starting 
generations may lead to the optimal sequence at different rates.  Thus, a pair of initial 
chromosomes is selected randomly and the average cost over 20 trials is compared with 
the minimum cost derived by dynamic programming. 
Results and discussions: In Figs 1 and 2, the maximum numbers of generations 
investigated in the tests, 10 and 35 respectively, are set to only half of the total number 
of possible sequences in each case.  Higher number of generations does not serve the 
purpose of reducing computation time and the searching process will become 
exhaustive.  The results show a monotonous convergence to Sˆ  even though the 
improvement becomes less significant when the generation evolves. 
The relative computation times in each test, as illustrated in Fig 3, increase very much 
linearly with the number of generations.  Nevertheless, a sequence with the cost 
reasonably close to that of Sˆ  (say, less than 5%) can be obtained when the computation 
times are still well below the time required to locate the optimal sequence by dynamic 
programming.  In general, 5-10 generations provides a good balance between 
computation time and closeness to Sˆ .  Besides, further results indicate that this GA is 
more suitable for conflicts involving more trains. 
Conclusions: At a small expense of optimality, the proposed GA allows for quicker 
resolution for traffic conflicts at railway junction.   The generation evolves by putting an 
immediate neighbour of the best chromosome in the next generation, which guarantees 
improvement down the generations.  Computation time has been vastly reduced and the 
resolutions only suffer from slight deviation from optimal solution.  The study also 
opens up further works on the heuristic chromosome selection for the first generation 
and the definition of neighbourhood because this GA, like most local search methods, 
may lead the search to local optimal solution. 
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